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(54) METHOD AND SYSTEM FOR ETCHING 

(57)Abstract: 

PROBLEM TO BE SOLVED: To improve stability and 
reliability when forming asperity on the surface of a 
substrate used for a solar cell, and so on. 
SOLUTION: In an etching method, the surface of a 
substrate carried in an etching chamber is roughened by 
performing dry etching by introducing an etching gas in a 
state where the surface of the substrate is covered with 
a plate member through which many openings are 
formed and the inside of the etching chamber is 
evacuated. Before the inside of the etching chamber is 
evacuated, the plate member is cleaned. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

Especially this invention relates to the etching method and etching device which make the silicon 
substrate etc. which are used for a solar cell etc. the shape of a split face about the etching 
method of a substrate, and an etching device. 
[0002] 

[Description of the Prior Art] 

A solar cell transforms the light energy which entered into electrical energy. Main things are 
classified into a crystal system, amorphous system, and compound system etc. according to the 
kind of material of construction among solar cells. Among these, most is a crystal system silicon 
solar cell circulating in the present commercial scene. This crystal system silicon solar cell is 
further classified into a single crystal type and a polycrystallized type. Since a single crystal type 
silicon solar cell has the good quality of a substrate, while it has the strong point in which 
efficient-izing is easy, it has the demerit in which manufacture of a substrate becomes a high 
cost. On the other hand, since a polycrystallized type silicon solar cell is inferior in the quality of 
a substrate, although there is demerit in which efficient-izing is difficult, there is the strong point 
in which it can manufacture by low cost. These days on the research level, the conversion 
efficiency of about 18% is attained by improvement in the quality of a polycrystalline silicon 
board, and progress of celHzed art. 
[0003] 

On the other hand, since the polycrystalline silicon solar cell of the volume production level was 
low cost, it had circulated in the commercial scene from the former, but while talking about an 
environmental problem in recent years, demand is increasing further, and higher conversion 
efficiency came to be searched for by low cost. 
[0004] 

In the solar cell, in order to raise the conversion efficiency to electrical energy, various trials 
have been made from the former. The one has art of reducing reflection of the light which enters 
into a substrate, and the conversion efficiency of electric ENERUGIHE can be raised by reducing 
reflection of the light in the surface. 
[0005] 

If the surface of a substrate is etched by alkaline aqueous solutions, such as sodium hydroxide, 
when forming a solar battery element using a silicon substrate, detailed unevenness is formed on 
the surface of a substrate, and reflection can be reduced to some extent. Although the pyramidal 
structure called texture structure by such a method can be uniformly formed on the surface of a 
substrate when a plane direction uses the single crystal silicon substrate of a field (100), Since it 
is dependent on the plane direction of a crystal, etching by an alkaline aqueous solution has the 
problem that pyramidal structure cannot be formed uniformly, therefore the whole reflectance 
cannot be reduced effectively, either, when forming a solar battery element with a polycrystalline 
silicon board. 
[0006] 

unevenness detailed on the surface in order to solve such a problem, when forming a solar 
battery element with polycrystalline silicon — reactive ion etching (Reactive Ion Etching) — 
forming by law is proposed (for example, refer to patent documents 1.). That is, detailed 
unevenness tends to be formed uniformly, without being influenced by the plane direction of the 
irregular crystal in polycrystalline silicon, and it is going to reduce reflectance more effectively 
also in the solar battery element using polycrystalline silicon. 
[0007] 

However, the formation conditions of the above unevenness are delicate, and change also with 
the structures of a device. When unevenness cannot be formed uniformly, the light which 
entered cannot be incorporated effective in a solar cell, and the photoelectric conversion 
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efficiency of a solar cell does not improve. The worth of each solar cell must raise the 
conversion efficiency of a solar cell, in order to reduce the cost, since it is decided by the 
generation efficiency. 
[0008] 

Generally the device used for a reactive-ion-etching method has a parallel-plate-electrodes 
type, impresses RF voltage to the electrode side which is installing the substrate, and connects 
the side attachment wall of one of other sides and an inside to a ground. After etching an etched 
substrate and completing etching, carrying out vacuum suction of this inside of a chamber, 
introducing etching gas, and holding a pressure uniformly, the inside of a chamber is returned to 
atmospheric pressure. 
[0009] 

Since such a procedure is stepped on, in a reactive ion etching system, the waiting time of 
vacuum suction and atmospheric leak is long. Although the reactive ion etching system was used 
for the small semiconductor device with precise LSI etc. in many cases, since a solar cell's own 
area was large when using for a solar cell, there was a problem that there was little processing 
number of sheets per time, and a manufacturing cost became high. Therefore, when using a 
reactive ion etching system for the manufacturing process of a solar cell, it is an important point 
how a high baton increases the processing number of sheets per time. 
[0010] 

After etching and carrying out surface roughening as one of the methods for raising a baton, 
making an etch residue adhere on the surface of a silicon substrate, take the method of 
removing this etch residue, but. In order to form quickly the residue which serves as a mask in 
the case of this etching, there is the method of covering and etching the substrate etched by 
the plate member in which many openings were formed (for example, refer to the application- 
for-patent No. 298671 [ 2001 to ] specification). While a concavo-convex formation speed 
becomes quick according to this method, the homogeneity of etching within a batch can improve 
and the processing number of sheets per time can be increased. 
[0011] 

If it etches by this method, an etch residue will adhere also to the surface by the side of the 
silicon substrate of a plate member. Although it is satisfactory between the first stages, if long 
term use of the etch residue adhering to a plate member is carried out, it will be deposited 
gradually, and will separate and fall from a plate member finally. Since unevenness will not be 
formed in the portion if residue separates and falls on a silicon substrate, nonuniformity occurs 
as a whole. 
[0012] 

Preliminary exhaust air is carried out until it becomes a setting pressure just before etching, 
when carrying out dry etching. This is for attracting the gas which stuck to the silicon substrate 
exposed to the atmosphere immediately before, the tray, etc., and not affecting an etching 
condition. If adhesion of residue increases in a plate member, the problem that adhesion of the 
moisture at the time of being exposed to the atmosphere, etc. will become intense, time when 
carrying out preliminary exhaust air will become long next time, and a baton will become late will 
occur. 
[0013] 

Since the amount of residue which will be etched if the coating weight of residue increases also 
increases, change of an etching condition is also produced. Then, the appearance of the surface 
of the etched silicon substrate will become what is different even in it. 
[0014] 

This invention is made in view of the problem of such conventional technology, and it aims at 
providing the method of etching uniformly the surface of a semiconductor substrate, especially 
the substrate used for a solar cell under a high baton, and its device. 
[0015] 

[Patent documents 1] 

JP,60-27195,B 

[0016] 
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[Means for Solving the Problem] 

To achieve the above objects, in an etching method concerning claim 1 . In an etching method 
which covers and carries out vacuum suction of the surface of a substrate carried in in an 
etching chamber by a plate member in which many openings were formed, introduces etching 
gas, and is made into the shape of a split face by the dry etching method, Before carrying out 
vacuum suction of the inside of said etching chamber, cleaning processing of said plate member 
is carried out. 
[0017] 

It is desirable for said cleaning processing to include a process of wet washing and heating in the 

above-mentioned etching method. 

[0018] 

In an etching device which covers and carries out vacuum suction of the surface of a substrate 
carried in in an etching chamber in an etching device concerning claim 3 by a plate member in 
which many openings were formed, introduces etching gas, and is made into the shape of a split 
face by the dry etching method, While adjoining said etching chamber and providing a load 
chamber which carries in said substrate in said etching chamber, and an unloading chamber 
which takes out said substrate from said etching chamber, A washing section which washes said 
plate member and is conveyed to said load chamber was provided. 
[0019] 

While carrying out the preliminary exhaust air of the inside of said etching chamber to specified 
pressure in the above-mentioned etching device before etching said substrate, When time 
concerning this preliminary exhaust air is measured and this time becomes longer than a set 
period, it is desirable to convey and wash said plate member to said washing section. 
[0020] 

When image processing of the surface of a substrate taken out from said unloading chamber is 
carried out in the above-mentioned etching device and abnormalities are discovered, it is 
desirable to convey and wash said plate member to said washing section. 
[0021] 

It is desirable to constitute said pure part from an above-mentioned etching device with a 

vacuum housing. 

[0022] 

[Embodiment of the Invention] 

Hereafter, this invention is explained in detail based on an accompanying drawing. 

Drawing 1 is a figure showing the structure of the etching method concerning this invention, and 

the solar battery element formed by an etching device, in drawing 1 — 1 — a silicon substrate 

and 2 — the impurity diffused layer (BSF) by the side of a rear face and 5 show an antireflection 

film, 6 shows a surface electrode, and, as for the impurity diffused layer by the side of an 

acceptance surface, and 4, unevenness and 3 show the rear electrode 7. 

[0023] 

Said silicon substrate 1 is a silicon substrate of a single crystal or polycrystal. this substrate — 
a p type and a n type — any may be sufficient. In the case of single crystal silicon, it is formed 
of the Czochralski method etc., and, in the case of polycrystalline silicon, is formed of a casting 
process etc. Polycrystalline silicon can be mass-produced and is very more advantageous than 
single crystal silicon in respect of a manufacturing cost. The ingot formed of the Czochralski 
method or a casting process is sliced in thickness of about 300 micrometers, and it cuts in size 
of 15 cm x about 15 cm, and becomes a silicon substrate. 
[0024] 

The unevenness 2 is formed in the surface side of the silicon substrate 1 in order to incorporate 
effectively, without reflecting the entering light. This generates plasma by impressing RF power 
to the electrode which introduced gas in the chamber by which vacuum suction was carried out, 
held to the constant pressure, and was provided in the chamber, and etches the surface of the 
silicon substrate 1 by operation of the ion radical etc. which are the produced active species. 
This method called a reactive-ion-etching (RIE) method is shown like drawing 2 and drawing 3 . 
[0025] 



http://www4.ipdl.inpit.go.jp/cgi-bin/tran_web_cgi_eije?atw_u=http%3A 0 /o2F 0 /o2Fwww4.i... 2009/08/26 



JP,2004-146700,A [DETAILED DESCRIPTION] 



4/7 ^— V 



in drawing 2 — 1 — a silicon substrate and 8 — as for a vacuum pump and 12, an RF electrode 
and 10 are [ a ground and 14 ] chambers RF power and 13 a pressure regulator and 1 1 a 
massflow controller and 9. While introducing etching gas from massflow controller 8 portion in a 
device, generate plasma by supplying RF power from RF electrode 9, carry out excitation 
activation of ion or the radical, and it is made to act on the surface of the silicon substrate 1 
installed in the upper part of RF electrode 9, and etches. 
[0026] 

Generally the method which enlarged the effect that ion acted on etching among the active 
species by which it was generated is called the reactive-ion-etching method. Although a plasma 
etching technique etc. are in a similar method, distribution of the kind of active species which is 
fundamentally the same as for the generating principle of plasma, and acts on the silicon 
substrate 1 is only changed to the distribution which changes with chamber structure, electrode 
structure, or generated frequency. Therefore, this invention is effective to a plasma etching 
technique not only a reactive-ion-etching method but at large. 
[0027] 

In this invention, for [ 5 minutes ] grade etching is carried out by 6 kW of RF power which 
generates 0.1 15sccm and oxygen (0 2 ) for chlorine (Cl 2 ), and generates the reaction pressure of 

7 Pa, and plasma for 0.555slm and SF 6 with a 0.491 slm sink, for example. Thereby, the 

unevenness 2 is formed in the surface of the silicon substrate 1. If silicon is etched, it will be 
evaporated fundamentally, but molecules stick to a part, without the ability to evaporate, and it 
remains in the surface of the silicon substrate 1 as residue. That is, when carrying out surface 
roughening of the surface of the silicon substrate 1 by the reactive-ion-etching method and the 
similar dry etching method, The speed to which the surface of the silicon substrate 1 is made to 
carry out the reattachment of the etch residue which uses the etched silicon as the main 
ingredients is promoted, and the unevenness 2 is formed in the surface of the silicon substrate 1 
by using this as a micro mask of etching. This etch residue is removed eventually. 
[0028] 

If a gas condition, reaction pressure, RF power, etc. are set as the conditions that the etch 
residue of silicon remains in the surface of the silicon substrate 1, the unevenness 2 can be 
formed certainly. However, it is necessary to optimize the aspect ratio of the unevenness 2. On 
the contrary, it is difficult to form the unevenness 2 on the conditions that an etch residue does 
not remain in the surface of the silicon substrate 1. 
[0029] 

In this invention, many openings 20 cover and etch the silicon substrate 1 by the formed plate 
member 15. By using such a plate member 15, generation of an etch residue is promoted and 
formation of the unevenness 2 is promoted in connection with this. 
[0030] 

An example of the plate member 15 is shown in drawing 3. the drawing 3 **** — 15 shows a 
plate member, 16 shows an opening, and 17 shows a side attachment wall. This plate member 15 
consists of aluminum, glass, etc. Although metal is preferred in respect of calling it the ease of 
carrying out of processing of the plate member 15, since it will corrode if put to the gas which 
etches silicon, stainless steel is unsuitable. On the other hand, during etching, since it is put to 
plasma, it generates heat. Although this temperature changes substantially by conditions, if are 
put to plasma, and temperature will rise and etching will be completed, in order to take out the 
silicon substrate 1 in the atmosphere, it is preferred that it is a thing of construction material 
which can be equal to up-and-down motion of temperature. Therefore, a glass material etc. are 
desirable when put to plasma. 
[0031] 

An example of the installation method of the plate member 15 and the silicon substrate 1 is 
shown in drawing 4 . In drawing 4 , a substrate tray and 1 9 show an insulator, 20 shows an 
opening, and 18 shows a chamber wall 21. As for the plate member 15 and the silicon substrate 
1, it is desirable to hold and etch into a 5-30-mm interval. The effect which shuts up the residue 
which consists of a silicon compound which generates and volatilizes by doing in this way in the 
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case of etching between the silicon substrate 1 and the plate member 15 arises, and while it 
becomes easy to generate residue on the substrate 1 and it can promote formation of residue, 
formation of the unevenness 2 can be promoted. In 5 mm or less, when the opening 20 of the 
plate member 15 forms the unevenness 2, the interval of this plate member 15 and the silicon 
substrate 1 is transferred by the surface of the silicon substrate 1 as a pattern, and serves as 
nonuniformity. In not less than 30 mm, the effect which forms residue quickly and promotes 
formation of the unevenness 2 becomes weak. 
[0032] 

Although formation of residue can be accelerated by covering the silicon substrate 1 etched in 
this way by the plate member 1 5 and formation of the unevenness 2 can be brought forward, it 
adheres also to the surface by the side of the silicon substrate 1 of the plate member 15 at the 
same time residue generates on the silicon substrate 1 . Various problems which were mentioned 
above when the residue adhering to the surface by the side of the silicon substrate 1 of the 
plate member 1 5 increased occur. 
[0033] 

In this invention, before the etch residue of the quantity more than the constant rate in the 
surface by the side of the silicon substrate 1 of the plate member 15 accumulates, cleaning 
processing is carried out. Before this cleaning processing carries in a tray in a chamber, it is 
performed by the atmosphere side. 
[0034] 

As for this cleaning processing, it is desirable to include the process of wet washing and heating. 
It is desirable to perform wet washing by rinsing from a point of the ease of treating. This rinsing 
can use methods, such as ultrasonic cleaning and jet spraying. It is also effective to add a 
detergent when it is hard to remove rinsing. 
[0035] 

It heat-treats, after performing this wet washing. When it etches the silicon substrate 1 within an 
etching chamber, in order that this heat-treatment may stabilize an etching state promptly and 
may raise the total baton of a device, it is performed. 
[0036] 

After carrying out wet washing of the plate member 15, it is necessary to make it dry but, and 
this desiccation may be used also [ heat-treatment ] and may be performed by a separated 
process. This desiccation may only heat-treat, and may blow gases, such as air and nitrogen, for 
example, or may use these together. Carrying out by spin-dry is also possible. 
[0037] 

Drawin g 5 is a figure showing the composition of the etching device which provided the washing 
section which washes a plate member, in drawing 5 — 22 — a load chamber and 23 — a tray 
takeoff connection and 26 show a tray throwing part, 27 shows a substrate supply stowage, and, 
as for an unloading chamber and 25, an etching chamber and 24 show a washing section 28. 
[0038] 

In this device, the washing section and heating unit of the plate member are included in the 
etching device. Since it can supply to the etching chamber 23 immediately before getting cold 
the heated plate member 1 5 while unreasonableness is lost to work by this, the mechanism of 
plate washing and heating can be utilized effectively. 
[0039] 

It is desirable to monitor the reserve evacuation time in the etching chamber 23, to take out the 
plate member 15 automatically in the etching device in this invention, when it becomes longer 
than a set period with this time, and to make it supply to a cleaning processing process. With 
constituting in this way, an etching condition can be prevented from changing carelessly during 
continuous running, it is stabilized, and continuous operation becomes possible. If residue comes 
to adhere to the plate member 15 in large quantities, since the amount of adsorption of the gas 
to residue will increase gradually, if the time of vacuum suction, especially the reserve high 
vacuum exhaust air (exhaust air before etching) in the etching chamber 23 becomes long and 
runs continuously, the baton of a device will fall, but. In this invention, such a problem is solvable. 



http://www4.ipdl.inpit.go.jp/cgi^ 2009/08/26 



JP,2004-146700,A [DETAILED DESCRIPTION] 



6/7 ^— v 



[0040] 

In this invention, when storing a substrate in the substrate supply stowage 27, image processing 
on the surface of etching is performed, If there are abnormalities in the case of being outside the 
range which the case where garbage appears on the surface of the silicon substrate, and the 
color after etching set up, etc., it is desirable to put automatically the plate member used when 
forming this silicon substrate into a cleaning processing process. Nonuniformity can be prevented 
from the residue adhering to a plate member falling on a substrate, and occurring continuously 
with constituting in this way. 
[0041] 

Also when the residue adhering to a plate member increases too much, the amount of adsorption 
gas increases and an etching condition comes to change, it can prevent continuing at the time of 
continuous running and performing etching besides regulation by supplying the plate member 15 
to a cleaning processing process automatically. 
[0042] 

An example of this cleaning processing process is shown in drawing 6 . In drawing 6 , a substrate 
supply stowage and 28 27 A plate member washing section, 29 — a substrate supply stowed 
position and 30 — a plate member retreating position and 31 — a plate member movement zone 
and 32 — a vacuum pump and 33 — an adsorption moisture removing position and 34 — a 
vacuum chamber and 35 — water and 36 — hot wind spurting parts and 39 show a hot wind 
generating part, 40 shows a rinsing layer, and, as for a draining part and 38, a rinsing position and 
37 show a water supply part 41 . 
[0043] 

It is desirable to give a vacuum suction function at said cleaning processing process. Since 
moisture is sticking to the plate member which carried out cleaning processing on the surface, 
vacuum suction becomes late easily, but when the substrate tray which carried the plate 
member immediately after processing at a cleaning processing process by constituting in this 
way performs reserve high vacuum exhaust air by an etching chamber, vacuum suction becomes 
early. 
[0044] 

However, as for the plate member concerned, even if it constitutes so that a plate member may 
be automatically supplied to a cleaning processing process when vacuum suction time is long as 
mentioned above, after performing cleaning processing, it is desirable to form interlock so that it 
may not supply to a cleaning processing process between the numbers of batches set up 
separately. It is because the substrate tray which carried the plate member immediately after a 
cleaning processing process injection usually has late vacuum suction compared with the thing 
under operation, so the plate member immediately after a cleaning processing process injection 
will be repeatedly supplied to washing-ized down stream processing if interlock is not formed. 
[0045] 

The tray which finished etching and has returned to the supply stowage 27 is installed in the 
supply stowed position 29. In order to carry out supply storage of the substrate, a plate member 
is moved to the plate member retreating position 30. When carrying out cleaning processing of 
this plate member, it is made to move to the plate member movement zone 31, and it is made to 
move to the rinsing position 36 by a conveyer separately. The water 35 is put into the rinse tank 
40, and wet washing of the plate member is put in and carried out into this rinse tank 40. Water 
is supplied to the water 35 in the rinse tank 40 from the water supply part 41, and it is 
discharged from the draining part 37. It is effective if a shower, a jet stream, stirring, etc. are 
used together in the midst of having rinsed with the rinse tank 40. After wet washing performs 
cleaning processing in the rinse tank 40, the water 35 in the rinse tank 40 is drained, and goes 
into a drying process. The hot wind generated in the hot wind generating part 39 is made to blow 
off from the hot wind spurting parts 38, and it guesses and dries to a plate member. The dry 
plate member moves to the adsorption moisture removing position 33 in the vacuum chamber 34, 
it is sealed and vacuum suction is carried out with the pump 32. What (un-illustrating) is heat- 
treated simultaneously with vacuum suction is desirable. 
[0046] 
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[Effect of the Invention] 

As mentioned above, in the etching method of the substrate which according to the etching 
method concerning claim 1 covers the surface of the substrate processed by the plate member 
in which many openings were formed, and is made into the shape of a split face by the dry 
etching method, Since cleaning processing of the above-mentioned plate member is carried out 
before carrying out vacuum suction of the inside of the above-mentioned etching chamber, 
problems, such as impudence of the vacuum suction time in an etching chamber and an etching 
configuration besides the etching unevenness of a substrate face and regulation of a substrate 
face, can be avoided. 
[0047] 

In the etching device which according to the etching device concerning claim 3 covers the 
surface of the substrate carried in in the etching chamber by the plate member in which many 
openings were formed, and is made into the shape of a split face by dry etching, While adjoining 
the above-mentioned etching chamber and providing the load chamber which carries in the 
above-mentioned substrate in said etching chamber, and the unloading chamber which takes out 
the above-mentioned substrate from the above-mentioned etching chamber, Since the washing 
section which washes the above-mentioned plate member and is conveyed to the above- 
mentioned load chamber was provided, problems, such as impudence of the vacuum suction time 
in an etching chamber and an etching configuration besides the etching unevenness of a 
substrate face and regulation of a substrate face, can be avoided. The reliability of a process 
improves with constituting a device in this way or constituting a device so that automation 
processing can be carried out further. 
[Brief Description of the Drawings] 

[Drawing 1]It is a figure showing the solar battery element created using the etching method 
concerning this invention. 

[Drawing 2]It is a figure showing an example of the etching device concerning this invention. 
[D rawing 3]It is a figure showing an example of a plate member used for the etching method 
concerning this invention. 

[Drawing 4] It is a figure showing an example of the installation method of a plate member used 
for the etching method concerning this invention. 

[Drawing 5] It is a figure showing an example of the composition of the etching device of the 
continuous system concerning this invention. 

[Prayying 6]It is a figure showing an example of the device of a plate member pure chemically- 
modified [ concerning this invention ] degree. 
[Description of Notations] 

1; A silicon substrate, 2; unevenness, 15; plate member, 16; opening, 22; load chamber, 23; 
etching chamber, 24; An unloading chamber, 25; tray takeoff connection, 26; tray throwing part, 
27; board supply stowage, 28; plate member washing section, 29; board supply stowed position, 
33; adsorption moisture removing position, 34; vacuum chamber, 35; water, 36; rinsing position, 
40; rinse tank 
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